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© Vibration-damping section, Its manufacturing method, and structural member for transport vehicle. 



Si © A section (1), for example, a truss type extruded 
aluminum section (1) is formed of a pair of planar 
plates (2)(3) and ribs (4)(5)(6), wherein hollow por- 



tions (7)(8)(9) are formed within said section (1) by 
the ribs (4)(5)(6) and the planar plates (2)(3). Vibra- 
tion-damping resin is provided on the inner surfaces 
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of hollow portions (7){8)(9), and particularly, on the 
inner surface of the planar plate (3) and on a single 
surface of the inclined rib (4). With this arrangement 
the vibration energy bending the planar plate (3) and 
the rib (4) is converted into a heat energy. In the 
case of manufacturing such truss type extruded alu- 
minum vibration-damping section (1), for making 
easy the insertion of the vibration-damping resin in 
the hollow portion, the vibration-damping resin is 
stuck on a plastic film (11) to form a long planar 
body. The plastic film (11) serves as a cover or an 
adhesive. Moreover, in the case of directly inserting 
the vibration-damping resin sheet (14), the vibration- 
damping resin sheet (14) is subjected to embossing 

PIG. 1 



on the adhesive-bonding side for allowing air to be 
escaped. Additionally, in the case using an age- 
hardening type aluminum alloy, the adhesive-bond- 
ing for the vibration-damping resin by heating is 
performed along with the heat treatment for age- 
hardening. The section on which vibration-damping 
resin is provided is not limited to the truss type 
extruded aluminum section (1); but includes a » type 
extruded or welded aluminum section (50). By use of 
these aluminum sections for structural members for 
a transport vehicle, it is possible to extremely pre- 
vent the noise energy from being transmitted in a 
cabin. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a vibration- 
damping section used for portions required to be 
prevented from vibration and noise, which com- 
prises a truss type section formed of a pair of 
planar plates and ribs wherein hollow portions are 
internally formed, or a? type section formed of 
one planar plate and ribs projecting from the planar 
plate wherein recessed portions are formed on a 
single surface; to a method of manufacturing the 
above vibration-damping section; and to a struc- 
tural member for a transport vehicle using the 
above vibration-damping section. 

2. Description of the Related Art 

For example, structural members used for raih 
way vehicles running in high speed such as the 
Shinkansen require materials having light weight 
and high rigidity. To meet this requirement, the 
structural members have been formed of extruded 
and/or welded aluminum sections. A truss type 
extruded aluminum section, in which ribs are dis- 
posed in zig-zag between two planar plates, is 
used for a floor surface. On the other hand, a w 
type extruded aluminum section or a * type weld- 
ed aluminum section, in which ribs project from a 
single surface of one planar plate, is used for a 
side wall and roof. 

Incidentally, an aluminum material being light 
in specific gravity tends to transmit vibration and 
noise as compared with iron and like being heavy 
in specific gravity, and therefore, vibration and 
noise must be reduced in consideration of the 
riding feeling of passengers. As for the truss type 
extruded aluminum section, to prevent the trans- 
mission of rolling noise and motor noise from bog- 
ie, the present inventors have proposed the adop- 
tion of a constrained type vibration-damping struc- 
ture in which an elastic plate such as an aluminum 
plate is stuck on the planar plate on a cabin side 
through a resin. Moreover, as for the ■* type alu- 
minum section, the recessed portions formed by 
the planar plate and ribs have been buried with 
glass wool for absorbing sounds. 

However, for vehicles running in high speed 
over 270 km/hr, the truss type extruded aluminum 
section is disadvantageous in that the vibration 
energy is attenuated by the portion of the sandwich 
structure; but the vibration energy passing through 
the sandwich structure is transmitted by way of the 
ribs without any suppression. Further, when the 
vehicle runs with such a high speed, there is gen- 
erated an aerodynamic noise, which causes a phe- 
nomenon of vibrating side walls and a roof at high 



frequency. The above-described glass wool, which 
is intended to mainly absorb the sound energy 
propagating in air, cannot absorb the vibration en- 
ergy generated on the side walls and the roof. As a 

5 result, the vibration energy is transmitted to the 
cabin by way of the truss type extruded aluminum 
section or a w type extruded or welded aluminum 
section and is discharged as the sound energy in 
air, so that it is impossible to extremely reduce the 

io noise in the cabin. 

SUMMARY OF THE INVENTION 

Taking the above problems of the prior art into 
75 consideration, the present invention has been 
made, and the first object of the present invention 
is to provide a vibration-damping section excellent 
in vibration-damping property comprising a truss 
type aluminum section or a? type aluminum sec- 
20 tion. The second object of the present invention is 
to provide a structural member for a transport 
vehicle using the vibration-damping section excel- 
lent in the vibration-damping property. The third 
object of the present invention is to provide a 
25 method of simply manufacturing the vibration- 
damping section excellent in the vibration-damping 
property. 

The present invention concerns a section, for 
example, a truss type extruded aluminum section. 

30 it is formed of a pair of planar plates and ribs 
wherein hollow portions are formed within the sec- 
tion by the presence of the planar plates and the 
ribs, and has a basic construction that vibration- 
damping resins are provided on the inner surfaces 

3s of the hollow portions. The above hollow portions 
originally exist By sticking of the vibration-damping 
resins on the inner surfaces of the hollow portions, 
the vibration energy bending the planar plates and 
the ribs is converted into a heat energy, which 

40 achieves an effect of reducing a large vibration 
energy. When the vibration-damping resins are 
stuck on the inner surfaces of the hollow portions 
of the planar plate on the sound source side, and 
further the vibration-damping resins are stuck on 

45 single surfaces of the inclined ribs, the vibration 
energy is attenuated at the portion of the planar 
body and also attenuated in the midway of trans- 
mission through the ribs, which makes it possible 
to reduce the vibration energy by the multiple 

so effect. The sticking of the vibration-damping resins 
is not limited to the truss type extruded aluminum 
section, and is applicable to the recessed portions, 
in particular, to the inner surfaces of the planar 
plate of the w type extruded or welded aluminum 

55 section. Using the above-mentioned vibration- 
damping sections of the truss type extruded alu- 
minum section for a floor plate of a high speed 
railway vehicle and the * type aluminum section for 
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side walls and a roof of the high speed railway 
vehicle, it is possible to extremely reduce the noise 
in a cabin. 

In particular, in the case that the vibration- 
damping resins are inserted in hollow portions of 
the truss type extruded aluminum section, they are 
easily inserted by being stuck on a plastic film thus 
forming a continuous body. Further, upon heating 
for melting the vibration-damping resins, the above 
plastic film serves as an adhesive or a cover. 
Moreover, in the case that hot melt type vibration- 
damping resins are directly inserted into the hollow 
portions, the surface of the vibration-damping resin 
sheet is subjected to embossing to be formed with 
an irregular pattern with grooves crossed to each 
other, and the vibration-damping resin sheet is 
inserted such that the embossing is directed on the 
adhesive-bonding side. Preferably, through-holes 
are provided at the crossing points of the grooves 
in the thickness direction for allowing gas (air, 
water vapor and etc.) to be easily escaped, thereby 
improving the adhesiveness. Additionally, in the 
case of an age-hardening type aluminum section, 
the heating for the vibration-damping resins is able 
to serve as the heat-treatment for age-hardening, 
which achieves the energy-saving and avoids the 
overlapping of the heating processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a preferred truss 
type vibration-damping section of the present 
invention; 

Fig. 2 is a perspective view showing a method 
of manufacturing the truss type vibration-damp- 
ing section shown in Fig. 1; 
Fig. 3 is a partial sectional view of another 
preferred truss type vibration-damping section of 
the present invention; 

Fig. 4 is a perspective view showing a method 
of manufacturing the truss type vibration-damp- 
ing section shown in Fig. 3; 
Fig. 5b is a partial sectional view of a further 
preferred truss type vibration-damping section of 
the present invention; and Fig. 5a is a view 
showing a method of manufacturing the truss 
type vibration-damping section shown in Fig. 5b; 
Figs. 6 and 7 are perspective views showing 
methods of manufacturing still further preferred 
truss vibration-damping sections of the present 
invention; 

Figs. 8 to 12 are partial sectional views showing 
methods of manufacturing additional preferred 
truss type vibration-damping sections; 
Fig. 13 is a sectional view of a* type vibration- 
damping section of the present invention; 
Fig. 14 is a sectional view of a structural mem- 
ber for a high speed railway vehicle using the 



truss type vibration-damping section and the * 
type vibration-damping section of the present 
invention; 

Figs. 15 to 17 are graphs showing the vibration- 
5 damping property of the truss type vibration- 
damping sections of the present invention; and 
Fig. 18 is a graph showing the vibration-damp- 
ing property of the * type vibration-damping 
property. 

70 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described in do- 
rs tails with reference to the accompanying drawings. 
Fig. 1 is a sectional view of a vibration-damping 
material composed of a truss type extruded alu- 
minum section. A long-sized extruded aluminum 
section 1 has a truss type sectional shape, in which 
20 upper and lower planar plates 2 and 3 are sup- 
ported by inclined ribs 4 arranged in zig-zag and 
perpendicular ribs 5 and 6 at both the ends, to 
form triangular hollow portions 7, inverse triangular 
hollow portions 8, and trapezoidal hollow portions 9 
25 at both the ends. 

Vibration-damping resins 10 and plastic films 
11 are stuck on the lower surface of each hollow 
portion 7, on the inclined surface of each hollow 
portion 8, and on the inclined surface and the lower 
30 surface of each hollow portion 9. In the example 
shown in the figure, the lower planar plate 3 is 
taken as the sound source side, and the vibration- 
damping resins 10 and the plastic films 11 are 
stuck on the surfaces where they can be placed by 
35 their deadweight, for example, on the upper inner 
surface of the planar plate 3, the upper inner sur- 
face of the inclined rib 4 and the like. Namely, a 
flat type is placed for the hollow portion 7; a V- 
shaped type is placed for the hollow portion 8; and 
40 a bent-at-valley type is placed for the hollow por- 
tion 9. In this case, the vibration-damping resin 10 
is melted by heating and is stuck on the inner 
surface of each hollow portion. 

The thickness and the material of the vibration- 
45 damping resin 10 is suitably selected according to 
the required vibration-damping property. The thick- 
ness is suitably selected usually in the range from 
1 to 10 mm. As the material, a resin modified 
asphalt or special synthetic butyl rubber or the like, 
50 which is excellent in the vibration-absorption prop- 
erty, is used. The vibration-damping resin 10 is not 
limited to a type being self-melted by heating, and 
may include a type being stuck on the inner sur- 
face of the hollow portion by use of adhesive. 
55 Moreover, the vibration-damping resin 10 is not 
limited to a structure formed of a homogeneous 
material as a whole, and may include a laminated 
structure, for example, a double layer structure in 
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which the surface side is composed of a rigid 
material and the inner surface side is composed of 
a soft materia) capable of being self-melted. Addi- 
tionally, in order to enhance the vibration-damping 
property and to add other functions, a thin film 
different in material from the vibration-damping res- 
in 10 such as an aluminum foil, other than the 
plastic film described later, may be stuck on the 
whole or partial surface of the vibration-damping 
resin 10. 

The plastic film includes a polyamide film or 
the like. The plastic film serves as a cover for 
preventing the vibration-damping resin 10 from be- 
ing directly exposed and being stuck on its surface 
with dust and the like. Accordingly, an aluminum 
foil may be used in place of the plastic film. 

When such a vibration-damping section 1 is 
applied with vibration from a sound source (lower 
portion in the figure), the planar plate 3 is excited, 
and is started to bend and vibrate. The vibration- 
damping resin 10 held between the planar plate 3 
and the plastic film 11 receives the bending de- 
formation, and part of the vibration energy is con- 
verted into a heat energy. The remaining vibration 
energy is transmitted to each rib 4, and the rib 4 is 
started to bend and vibrate. The vibration-damping 
resin 10 held between the rib 4 and the plastic film 
11 receives the bending deformation, and part of 
the vibration energy is converted into a heat en* 
ergy. As a result, the bending vibration of the 
planar plate 3 on the sound source side and the 
inclined rib 4 is suppressed, so that the vibration 
energy of the whole truss structure is largely sup- 
pressed. This makes it possible to significantly 
reduce the vibration energy transmitted to other 
planar plate 2 on the opposed side to the sound 
source (on the static environmental side), and 
hence to enhance the sound shielding effect of the 
whole vibration-damping section. 

In particular, the vibration-damping resins 10 
for the planar plate 3 are provided on the inner 
surfaces of the hollow portions 8 and 9 which are 
originally formed, so that the thickness of the sec- 
tion 1 itself is not increased. Accordingly, as com- 
pared with a type in which an elastic plate is stuck 
on the outer side of the planar plate 3 while putting 
a viscoelastic resin therebetween, the thickness 
dimension of the whole section is not increased, 
the increase in weight is small, and the vibration- 
damping property is added with the effect of damp- 
ing through the ribs 4. 

Next, a method of manufacturing the vibration- 
damping section shown in Fig. 1 will be described 
wfth reference to Rg. 2. A plurality of rectangular 
vibration-damping resin sheets 10 are disposed in 
series on a plastic film 11 longer than the vibration- 
damping section 1, and are stuck thereon by use of 
adhesive, to thus form a continuous body 12. In the 



vibration-damping resin sheet 10, the width of the 
rectangular shape is determined according to the 
widths of each rib 4 and planar plates 2 and 3 to 
be adhesively bonded thereto; however, the length 

5 is suitably selected to be about 1 m. When the 
length is excessively longer, gaps are generated 
between the vibration-damping resin sheet 10 and 
the inner surface of the hollow portion due to warp 
which allows the entrapment of air, so that the 

w vibration-damping resin sheet 10 is cut to a length 
enough to ensure the flat rectangular shape. The 
continuous body 12 is inserted in each hollow 
portion 7 while the vibration-damping resins 10 are 
directed to the lower side, ft may be pushed there- 

75 in while the vibration-damping resins 10 are butted 
to each other. However, in the case that the con- 
tinuous body 12 is difficult to be pushed-in, a string 
is attached to the leading edge of the plastic film 
11. Thus, the string previously passes through the 

20 hollow portion 7, and is pulled, which makes it 
possible to pull-in the continuous body 12 through 
the hollow portion 7. As shown as a two-dot chain 
line in the figure, in such a state that both the ends 
of the plastic film 1 1 are protruded from the end of 

25 the hollow portion 7, both the ends of the plastic 
film 11 is pulled, so that the loosening of the plastic 
film 11 and the warp of the vibration-damping res- 
ins 10 in the midway are corrected, and the whole 
continuous body 12 is tightly contacted with the 

30 lower inner surface of the hollow portion 7, to thus 
reduce the entrapment of air. Moreover, as needed, 
both the ends of the plastic film 11 protruded from 
the ends of the hollow portion 7 are fixed by a tape 
or the like in such a state as to be stretched, thus 

35 making it possible to exert a tension to the plastic 
film 11. 

Similarly, a continuous body bent in a V-shape 
is inserted on a space on the lower side of the 
inclined rib 4, to be tightly contacted therewith. 

40 Subsequently, the whole section 1 inserted with the 
continuous body 12 is inserted in a heating furnace 
to be heated. The vibration-damping resin 10 is 
melted by heating, and is bonded on both the inner 
surface of the hollow portion and a high molecular 

45 film 11. 

Rg. 3 is a sectional view of another vibration- 
damping section. The vibration-damping section is 
different from the type shown in Rg. 1 in that each 
vibration-damping resin 10 is stuck on the inner 

so surface of a hollow portion 8 through an adhesive 
layer 13 of a plastic film. Namely, the outer surface 
of the vibration-damping resin 10 is not covered 
just as shown in Rg. 1, and is exposed. 

A hot-melt type plastic film such as a polyester 

55 film or a polyamide film is used as the adhesive 
layer 13. Further, in place of the film 13, there may 
be used a net such as a nylon net, a polyethylene 
net or a cheese cloth. In briefly, there may be any 
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material having a flexibility and an area enough to 
adhesively bond the vibration-damping resin with 
the inner surface of the hollow portion. In particular, 
the hot-melt type plastic film is excellent in adhe- 
siveness, melting ability and slip property which 
makes easy the insertion of the vibration-damping 
resin 10 into the hollow portion 8 before heating, 
and is melted to act as adhesive after heating, thus 
indirectly adhesively bonding the vibration-damping 
resin sheet 10. 

Next, a method of manufacturing the vibration- 
damping section 1 shown in Fig. 3 will be de- 
scribed with reference to Fig. 4. Vibration-damping 
resin sheets 10 are juxtaposed on a plastic film 13 
and are adhesively bonded therewith, to thus form 
a continuous body 12. The continuous body 12 is 
inserted in a hollow portion 7. The plastic film 13 is 
smoothly slid along the lower surface of the hollow 
portion 7, and the vibration-damping resins 10 are 
sequentially pushed-in. The plastic film 13 and the 
vibration-damping resins 10 are melted together by 
heating, and are bonded on the inner surface of the 
hollow portion of the vibration-damping section 1. 
Accordingly, the plastic film 13 is, preferably, se- 
lected to be melted together with the vibration- 
damping resins 10 substantially at the same tem- 
perature. Moreover, for adhesive-bonding between 
the vibration-damping resins 10 and the plastic film 
13, there is used a rubber adhesive of achieving 
the adhesive ability at room temperature. 

Figs. 5a and 5b are views showing another 
insertion method of continuous bodies 12. in Fig. 
5a, there is disclosed a method wherein each con- 
tinuous body 12 is inserted while a plastic film 13 
directed downward is slid, and then the section 1 is 
vertically reversed by use of a reversing machine 
such that each vibration-damping resin 10 is con- 
tacted with the inner surface of the hollow portion. 
Namely, Fig. 5a shows the state that two of the 
continuous bodies 12 are inserted so as to be 
located along ribs 4 and 4. First, the lower continu- 
ous body 12 is inserted while the plastic film 13 is 
directed downward, and the upper continuous body 
12 is inserted; or the upper and lower continuous 
bodies 12 and 12 are simultaneously inserted. Sub- 
sequently, as shown in Fig. 5b, the section 1 is 
vertically reversed so that the continuous bodies 12 
and 12 are located along the upper inner surfaces 
of the ribs 4, and are then heated. Alternatively, a 
continuous body 12 bent in a V-shape following the 
shape of the ribs 4 is inserted, and the continuous 
body 12 is positioned such that the vibration-damp- 
ing resin 10 is contacted with the inner surface of 
the hollow portion. As compared with the case that 
the vibration-damping resin 10 is adhesively bon- 
ded with the rib through the plastic film, when the 
vibration-damping resin 10 is melted and is directly 
bonded with the inner surface of the rib 4, the air 



present between the rib 4 and the plastic film does 
not exist, which makes it possible to prevent the 
reduction of the adhesive strength between the 
vibration-damping resin 10 and the inner surface of 

s the rib 4. 

Additionally, in the embodiments described 
above, there is described the case that the plastic 
film is used as a continuous member; however, 
when the net is used, the melted vibration-damping 

10 resin is allowed to flow through the mesh of the 
net, which improves the adhesiveness. Moreover, a 
continuous body may be formed such that a film or 
net is held between two of the vibration-damping 
resin sheets. A continuous body may be also 

75 formed such that the ends of the vibration-damping 
resins are stuck to each other by a tape, or a string 
or wire is made to pass through the vibration- 
damping resins. 

Further, the case that a hot melt vibration- 

20 damping resin sheet 14 is directly inserted in a 
hollow portion will be described with reference to 
Fig. 6. A plurality of vibration-damping resin sheets 
14 cut in such a rectangular shape as shown in the 
figure are prepared, and sequentially pushed in 

25 each hollow portion. Thus, the vibration-damping 
resin sheets 14 are inserted on hollows 7, 8 and 9 
along the desired inner surfaces, and placed on the 
inner surfaces of the hollows 7, 8 and 9. 

The hot melt vibration-damping resin sheet 14 

30 is obtained by sheet forming of a resin modified 
asphalt or special synthetic butyl rubber having a 
thickness of 1 to 10 mm. In addition, the surface of 
the vibration-damping resin sheet 14 is three-di- 
mensionally formed with an irregular pattern by 

35 embossing 15. The vibration-damping resin sheet 
14 is inserted into the hollow portion 8 such that 
the surface subjected to embossing 14 is taken as 
the adhesive-bonding surface. In the example 
shown in the figure, the embossing 15 is performed 

AO by transferring the irregular roll pattern of V- 
grooves in a diamond crossing arrangement on the 
surface of the vibration-damping resin sheet 14. A 
sheet heated and softened is subjected to emboss- 
ing by use of a cold embossing roll and a rubber 

45 roll. The transferred pattern by the embossing is 
fixed by moving the sheet between cooling rolls. 
The pattern by the embossing 15 is not limited to 
V-grooves in a diamond crossing arrangement. It 
may include such a pattern that the recessed por- 

50 tions of the irregularity on the surface are contin- 
ued to the outer periphery, for example, may in- 
clude a random pattern. 

Further, in addition to the embossing 15 on a 
single surface, through-holes 16 in the thickness 

55 direction are provided at crossing points of the V- 
grooves. The through-holes 16 are intended to act 
as the holes to discharge the air confined on the 
adhesive-bonding side upon thermal fusing, each 
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of which preferably has a diameter of 3 mm or 
more for preventing the blocking upon thermal fus- 
ing. By use of the embossing roll projectingly pro- 
vided with pins at the crossing points of the V- 
shaped vortexes, the through-holes 16 can be per* 
forated together with the embossing. 

The vibration-damping resin sheet 14 thus 
formed is cut into parts with a flat rectangular 
shape, to be inserted in the hollow portion 8. The 
vibration-damping resin sheets 14 can be sequen- 
tially pushecHn in such a manner as to be butted 
to each other. Further, the vibration-damping resin 
sheets 14 are connected to each other by means 
of strings or the like, and which can be pulled in 
the hollow portion 8 through the strings. Moreover, 
the vibration-damping resin sheet 14 having sub- 
stantially the same length as a section may be 
used, which can be pulled from one end of the 
section. Additionally, the vibration-damping resin 
sheets 14 are similarly inserted on the inner sur- 
face of the planar plate 3. 

Next, the whole aluminum section 1, in which 
the vibration-damping resin sheets 14 are inserted, 
is inserted in a heating furnace and is heated. The 
aluminum section made from an age-hardening 
type aluminum alloy is required to be heated for 
age-hardening during manufacturing process. For 
example, in the case of A6061 alloy, the aluminum 
section is heated in the condition of 190 # C x 3 hr. 
The vibration-damping resin sheet 10 made from a 
resin modified asphalt, special synthetic butyl rub- 
ber or the like is hot melted in the condition of 
(130-1 50 *C) x (20-30 min), and accordingly, in the 
high temperature heating of 190* C, the vibration- 
damping resin sheet is liable to be first warped as 
shown in Fig. 7 and is next started to be rapidly 
melted. However, since air escapes to the inside of 
the section through the grooves 15a of the em- 
bossing 15, the amount of the confined air is re- 
duced, to thereby improve the adhesiveness on the 
adhesive-bonding surface. Further, when the 
through-holes 16 at the crossing points of the 
grooves 15a are provided, the discharge of air can 
be certainly performed, resulting in the ensured 
adhesiveness in the whole surface. 

In addition, as the method of improving the 
adhesiveness between the aluminum section 1 and 
the vibration-damping resin sheet 14, there is pre- 
viously described the method of using the plastic 
film or the polyethylene net. However, in the case 
of using the vibration-damping resin sheet 14 hav- 
ing the width dimension being substantially similar 
to that of the aluminum section 1, in place of the 
plastic film, the rubber adhesive may be coated on 
the hot melted surface side of the vibration-damp- 
ing resin sheet 14, and is tightiy contacted with the 
inner surface of the hollow portion of the aluminum 
section 1 together with the vibration-damping resin 



sheet 14. 

Thus, using the heating both as age-hardening 
and as hot melting for the vibration-damping resin 
sheet described above, the hot melting process for 

5 the vibration-damping resin sheet can be incor- 
porated in a series of manufacturing processes for 
the age-hardening type aluminum alloy. Such an 
age-hardening type aluminum alloy is represented 
by an AJ-Mg-Si based aluminum alloy (6000 series) 

w which contains each of Mg and Si in an amount of 
0.5 to 1.0 wt% and is age-hardened by the precipi- 
tation of an intermetallic compound of Mg2Si. Fur- 
ther, an Al-Zn system, Al-Zn-Mg system, Al-Zn-Mg- 
Mn system and the like can be used. For example, 

rs in the case of A6061 alloy, the heating for the age- 
hardening is performed in the condition of 170- 
190*C. 

Further, in the embodiments described above, 
there is described the case that the extruded alu- 

20 minum section is used; however, the present inven- 
tion may be applied to a section of a type in which 
upper and lower planar plates are integrated with 
ribs by welding or adhesive-bonding. Additionally, 
the portions where the vibration-damping resins are 

25 stuck are not limited to those shown in Figs. 1 and 
3. For example, the vibration-damping resins may 
be stuck only on a single surface of the inclined rib 
4; only on the inner surface of the planar plate 3 on 
the sound source side; on the inner surface of the 

30 planar plate 2 on the static sound side in place of 
the inner surface of the planar Plate 3 on the sound 
source side; on both the inner surfaces of the 
planar plates 2 and 3 on both the sound source 
side and the static sound side; and on both the 

35 sides of the inclined rib 4. In place of the inner side 
of the planar plates 2 and/or 3, of course, the 
vibration-damping resin sheet and/or plastic film 
can be applied to the outer surfaces of the planar 
plates of the section. Moreover, a constrained type 

40 sandwich structure in which elastic plates holding a 
viscoelastic resin therebetween is stuck may be 
added on the outer surfaces of the planar plate 2 
and/or 3. 

Next, a vibration-damping section equivalent to 
45 the case using the vibration-damping resin sheet 
will be described with reference to Figs. 8 to 12. 

In Fig. 8, a vibration-damping section 20 is so 
constructed as follows: namely, a continuously fol- 
ded plate-like rib is formed of a vibration-damping 
so rib 24 composed of aluminum members 25 and 27 
integrally formed with a resin 26 held there- 
between; an aluminum plate 22 having each verti- 
cal groove 22a on a single surface and an alu- 
minum plate 21 having each vertical groove 21a on 
55 a single surface are disposed such that the sur- 
faces having these vertical grooves 21a and 22a 
are opposed to each other; and the vortex portion 
27a of each crest of the sandwich vibration-damp- 
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ing plate 24 is inserted in the vertical groove 22a of 
the aluminum plate 22, and the valley portion 25a 
of each crest is inserted in the vertical groove 21a 
of the aluminum plate 21 on the sound source side, 
and which are adhesively bonded to each other. 

When the vibration-damping section 20 is ap- 
plied with vibration from the sound source (lower 
portion in the figure), the aluminum plate 21 is 
excited and is started to be bend and vibrate, and 
the energy is transmitted to the vibration-damping 
rib 24. At this time, when the vibration-damping rib 
24 receives the bending deformation, the resin 26 
constituting the intermediate layer of the rib 24 also 
receives the shearing deformation, so that the vi- 
bration energy is effectively converted into a heat 
energy, and is discharged to a space 23. As a 
result, the bending vibration of the whole vibration- 
damping rib 24 is suppressed, which makes small- 
er the vibration energy transmitted to the aluminum 
plate 22 on the static environmental side, and can 
enhance the sound shielding effect of the whole 
panel. 

A vibration-damping section shown in Fig. 9 is 
so constructed as follows: namely, a sandwich vi- 
bration-damping plate 31, in which a resin 33 is 
held between two aluminum members 32 and 34 
and is integrally formed therewith, is attached in 
place of the lower aluminum plate 21 of the vibra- 
tion-damping section 20 shown in Fig. 8. Further, 
the upper aluminum plate 22 may be replaced by 
the sandwich vibration-damping plate. Accordingly, 
in the vibration-damping section 30, when the alu- 
minum plate 32 is excited and is started to bend 
and vibrate, the bending vibration energy is attenu- 
ated somewhat for a time when it passes through 
the resin 33, and thereafter is transmitted to the rib 
24. This makes it possible to further improve the 
sound shielding performance obtained by the vibra- 
tion-damping section 20 shown in Fig. a 

Further, as shown in Fig. 10, there may be 
freely adopted a sandwich vibration-damping plate 
41 in which a thick aluminum plate 42, a resin layer 
43 and a thin aluminum plate 44 are integrally 
formed in this order along the thickness direction 
from the sound source side (lower portion of the 
figure). With this construction, the bending rigidity 
of the thick aluminum plate 41 can be close to the 
bending rigidity of a truss structure composed of 
the thin aluminum plate 44, sandwich vibration- 
damping plate 24 and aluminum plate 22. As a 
result, the resin 43 can be positioned to be close to 
the neutral axis of the whole sound preventive 
panel 40, which makes it possible to increase the 
absorbed strain energy. Moreover, similarly to the 
sandwich vibration-damping plate 41, the upper 
aluminum plate 22 may be replaced by a vibration 
clamping plate in which the resin can be close to 
the neutral axis. 



As compared with the case that the resin layer 
is positioned to be relatively apart from the neutral 
axis of the whole panel just as the vibration-damp- 
ing section 30 using the so-called equal thickness 

5 type aluminum vibration-damping plate in which the 
resin is held between the aluminum plate having 
the same thickness, the shearing strain energy 
generated in the resin when the whole panel is 
applied with vibration becomes very larger, which 

w enlarges the ratio with which the vibration energy is 
converted into a heat energy, and hence to further 
enhance the sound shielding effect of the whole 
panel. 

Fig. 11 shows a modification of Fig. 8, wherein 

15 vertical grooves 21a and 22a are provided on pro- 
jecting streaks 21 f and 22f for preventing the re- 
duction of the partial rigidities of aluminum plates 
21 and 22. Similarly, Fig. 12 is a modification of 
Fig. 9, wherein vertical grooves 34a are provided 

20 on projecting streaks 34f for preventing the reduc- 
tion of the partial rigidity of an aluminum plate 34 
in a sandwich vibration-damping plate 31. 

The above description concerns the truss type 
vibration-damping section, and there will be de- 

25 scribed an embodiment of a w type vibration-damp- 
ing section according to the present invention with 
reference to Fig. 13. 

In Fig. 13, a vibration-damping section 50 of 
this embodiment is composed of a slender planar 

30 plate 51 extending from this side to the other side 
on the paper, and four projecting streak ribs 52 
projectingly provided on a single surface of the 
planar plate 51 in the longitudinal direction, and 
has a sectional shape in which recessed spaces 55 

35 are formed of the projecting streak ribs 52 and the 
planar plate 51. A vibration-damping resin 53 and a 
plastic film 54 are stuck on the lower side of each 
recessed portion 55 and on the upper single sur- 
face of the planar plate 51. Thus, the vibration- 

40 damping section 50 has each w shaped section. A 
plurality of units of the w shaped sections are 
connected to each other in the right and left on the 
paper, to constitute surfaces of a floor, side wall 
and roof. In addition, since both the end portions of 

45 the planar plate 51 are taken as the connected, 
portions, the periphery 56 of each connected por- 
tion is not stuck with the vibration-damping resin 53 
not to obstruct the connection with the adjacent 
sectional member by welding. 

50 A method of manufacturing the vibration-damp- 
ing section 50 will be described below. First alu- 
minum is extruded or welded such that the planar 
plate 51 and the ribs 52 form a section having a ■* 
shape as a unit, or an aluminum section is manu- 

55 factured by welding. Next, in the section as it is, or 
in a plurality of sections welded to each other, the 
vibration-damping resin 53 adhesively bonded with 
a plastic film from the upper side is inserted in the 
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recessed portion 55, and is heat-treated at 150 to 
250 *C for age-hardening. Finally, it is cooled. 
Since a material of its melting temperature being 
lower than the age-hardening temperature is se- 
lected as the vibration-damping resin 53, the vibra- 
tion-damping resin 53 is hot melted and bonded on 
the planar plate 51. Moreover, only the vibration- 
damping resin 53 may be inserted in the recessed 
portion 55 without the plastic film 54. In addition, 
the vibration-damping resin may be adhesively 
bonded on a single surface or both surfaces of the 
rib 53. In order to increase the adhesiveness be- 
tween aluminum planar plate 51 and vibration- 
damping resin, the adhesives may be inserted be- 
tween them, as shown in Fig. 3. 

The application of the vibration-damping sec- 
tion 50 thus manufactured and the vibration-damp- 
ing section 1 shown in Fig. 1 will be described with 
reference to Fig. 14. Fig. 14 is a sectional view of a 
structural member for a railway vehicle, wherein 
the truss type vibration-damping sections 1 shown 
in Fig. 1 are connected to each other and are used 
for a floor surface; and the m type vibration-damp- 
ing sections 50 are connected to each other and 
are used for side walls and a roof. In the vibration- 
damping section 1, the vibrations such as motor 
noise and rolling noise generated from the lower 
surface side of the floor are absorbed by bending 
deformation of the vibration-damping resin 10. As a 
result, the transmission of the vibrations such as 
the motor noise and rolling noise into a structure 
for a transport vehicle can be attenuated. Further, 
when the » type vibration-damping sections are 
used for the roof or the side walls, high frequency 
vibration due to the aerodynamic noise during high 
speed running and high frequency vibration con- 
tained in the rolling noise and the motor noise are 
absorbed by the bending deformation of the vibra- 
tion-damping resin 10. As a result, the transmission 
of the high frequency vibration into the structure 
can also be attenuated. Consequently, there can be 
provided a railway vehicle excellent in the riding 
quality without giving the discomfortable feeling to 
passengers. Such a structural member for a trans- 
port vehicle is applicable for an airplane, auto- 
mobile and high speed vessel other than the high 
speed railway vehicle. 

The vibration-damping property of the above- 
described vibration-damping section will be further 
described with reference to Figs. 15 to 17. For an 
aluminum section formed in a shape shown in Fig. 
1 by extrusion of A606I alloy, vibration-damping 
resin sheets, which are made from a resin modified 
asphalt (thickness: 3 mm, melting temperature: 
140*C) sold by Nippon Tokushu Toryo Co., LTD 
and are subjected to embossing to be formed with 
V-grooves having a depth of 1.0 mm crossed to 
each other, are inserted in necessary locations. 



The aluminum section is then heat-treated in the 
condition of 190*C x 3 hr for age-hardening, and 
at the same time the vibration-damping resins are 
hot melted and bonded to the aluminum section. In 

5 the sample of Fig. 15, the vibration-damping resins 
are hot melted and bonded only on the inner 
surface of the planar plate 3 of Fig. 1. In the 
sample of Fig. 16, the vibration-damping resins are 
hot melted and bonded only on single surfaces of 

io the inclined ribs of Fig. 1. In a sample of Fig. 17, 
the vibration-damping resins are hot melted and 
bonded on the inner surface side of the planar 
plate 3 and on the single surfaces of the inclined 
ribs 4, as shown in Fig. 1. In Figs. 15 to 17, an 

T5 untreated section where the vibration-damping res- 
in is not hot melted and bonded at all is shown to 
clarify the effect of damping for each case. The 
results of measurement of the sound transmission 
loss with respect to 1/3 octave frequency for each 

20 case of sections are plotted together with those of 
the untreated section. 

In Fig. 15, it was revealed that the sample 
where the vibration-damping resins are hot melted 
and bonded only on the planar plate on the sound 

2s source side achieves the effect of reducing the 
sound energy by l9dB at maximum as compared 
with the untreated sample. The reduction effect is 
comparative to the sandwich structure where an 
elastic plate is stuck on the lower side of the planar 

30 plate through a viscoelastic resin. Namely, it is 
possible to achieve the equivalent reduction effect 
without provision of the elastic plate on the lower 
side of the planar plate and without increasing the 
thickness and weight of the section. 

36 In Fig. 16, it was revealed that the sample 
where the vibration-damping resins are hot melted 
and bonded only on single surfaces of the ribs 
achieves the effect of reducing the sound energy 
by 23d B at maximum as compared with the urv- 

40 treated section. Further, although Fig. 15 does not 
show the damping effect in the low frequency 
region until 630Hz, there was recognized in this 
case the effect of reducing the sound energy by 
6dB until 500Hz. This means that the rolling noise 

45 and motor noise are difficult to be further transmit- 
ted from bogie in the high speed vehicle. 

In Fig. 17, it was revealed that the sample 
where the vibration-damping resins are hot melted 
and bonded on the inner surface of the planar plate 

50 3 and on the single surfaces of the ribs 4 as shown 
in Fig. 1 achieves the effect of reducing the sound 
energy by 33dB at maximum as compared with the 
untreated section through the multiple effect. In 
particular, the hot-melting and bonding of the vibra- 

55 tion-damping resins on the single surfaces of the 
ribs contribute to the excellent vibration-damping 
effect 
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Next, the vibration-damping characteristic of 
the vibration-damping section 50 shown in Fig. 13 
will be described with reference to Fig. 18. The 
experiments were made by measurement of the 
sound transmission loss with respect to the 1/3 
octave frequency just as shown in Figs. 15 to 17. 
The dashed line indicates a sample in which only 
the inner surface of a planar plate is covered with a 
vibration-damping resin having a thickness of 2 
mm, and the chain line indicates a sample in which 
only the inner surface of a planar plate is covered 
with a vibration-damping resin having a thickness 
of 1.5 mm. For the untreated section, there is 
shown the experimental result for only an extruded 
aluminum section under the same condition. It is 
revealed that the vibration-damping section is ap- 
parently effective compared with the conventional 
material of only the extruded aluminum section 
within the frequency region being 500 Hz or more, 
irrespective of the thickness of the vibration-damp- 
ing resin. 

The experiments shown in Figs. 15 to 17 are 
performed for the case that the vibration-damping 
resins absorb the vibration energy by bending de- 
formation. However, in the sample where an alu- 
minum foil is stuck on the surface of each vibra- 
tion-damping resin, since the vibration-damping 
resin is held between the rib and the aluminum foil, 
the sample receives a slight shearing deformation 
as well as the bending deformation, which some- 
times improves the absorption ratio of the sound 
energy. To examine the influence of the aluminum 
foil, the following experiments were performed. 
First, rectangular plates were cut from the planar 
plate 3 having a thickness of 3 mm in the alu- 
minum section of Fig. 1, and there were prepared 
the first sample where only the vibration-damping 
resin having the thickness of 2 mm was stuck on 
the single surface of the rectangular plate; the 
second sample where the aluminum foil was further 
stuck on the above vibration-damping resin; and 
the third one of only the rectangular plate. The 
excitation experiments were performed by support- 
ing the center of each sample, and the magnitude 
of the attenuation was obtained by the resonance 
curve thus obtained. Further, the loss factor was 
calculated on the basis of the third resonance fre- 
quency obtained at an environmental temperature 
of 20 • C. In the first sample of only the vibration- 
damping resin, the third resonance frequency was 
823.1Hz, and the loss factor was 0.0405. On the 
other hand, in the second sample with the alu- 
minum foil, the third resonance frequency was 
876.4Hz and the loss factor was slightly increased 
to be 0.0531. Additionally, in the third sample of 
only the rectangular plate, the third resonance fre- 
quency was 786.1Hz and the loss factor was 
0.0012. Accordingly, by sticking of the aluminum 



foil on the surface of the vibration-damping resin, 
the loss factor is increased, which gives a possibil- 
ity that the vibration-damping property is improved 
by sticking a plate having a rigidity large than that 

5 of the aluminum foil on the surface of the vibration- 
damping resin or by forming the vibration-damping 
resin of a material liable to be attenuated by the 
shearing deformation. 

A section (1), for example, a truss type ex- 

10 truded aluminum section (1) is formed of a pair of 
planar plates (2)(3) and ribs (4)(5)(6), wherein hol- 
low portions (7)(8)(9) are formed within said section 

(I) by the ribs (4K5)(6) and the planar plates (2)(3). 
Vibration-damping resin is provided on the inner 

is surfaces of hollow portions (7)(8)(9), and particu- 
larly, on the inner surface of the planar plate (3) 
and on a single surface of the inclined rib (4). With 
this arrangement the vibration energy bending the 
planar plate (3) and the rib (4) is converted into a 

20 heat energy. In the case of manufacturing such 
truss type extruded aluminum vibration-damping 
section (1), for making easy the insertion of the 
vibration-damping resin in the hollow portion, the 
vibration-damping resin is stuck on a plastic film 

25 (11) to form a long planar body. The plastic film 

(II) serves as a cover or an adhesive. Moreover, in 
the case of directly inserting the vibration-damping 
resin sheet (14), the vibration-damping resin sheet 
(14) is subjected to embossing on the adhesive- 

30 bonding side for allowing air to be escaped. Addi- 
tionally, in the case using an age-hardening type 
aluminum alloy, the adhesive-bonding for the vibra- 
tion-damping resin by heating is performed along 
with the heat treatment for age-hardening. The sec- 

35 tion on which vibration-damping resin is provided is 
not limited to the truss type extruded aluminum 
section (1); but includes a m type extruded or 
welded aluminum section (50). By use of these 
aluminum sections for structural members for a 

40 transport vehicle, it is possible to extremely prevent 
the noise energy from being transmitted in a cabin. 

Claims 

45 1- A vibration-damping section characterized in 
that 

a section (1) is composed of a pair of 
planar plates (2)(3) and ribs (4)(5)(6); 

hollow portions (7)(8)(9) are formed within 
so said section by said ribs (4) and said planar 
plates (2)(3); and 

vibration-damping resins (10) are provided 
on part or all of the inner surfaces of said 
hollow portions (7)(8)(9). 

55 

2. A vibration-damping section according to claim 
1, wherein a layer formed of a plastic film (11) 
or an aluminum foil is provided on all or part of 
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the surfaces of said vibration-damping resins 
(10). 

a A vibration-damping section according to claim 
1 or 2, wherein adhesive layers formed of s 
plastic films (13) or adhesWes are provided 
between said vibration-damping resins (10) 
and said hollow portions (7X8X9). 

4. A vibration-damping section according to claim io 
1, wherein said vibration-damping resins (10) 

are provided on said ribs (4) of the inner 
surfaces of said hollow portions (7X8X9). 

5. A vibration-damping section according to claim 75 
1, wherein said vibration-damping resins (10) 

are provided on said planar plate (3) of the 
inner surfaces of said hollow portions (7)(8)(9). 

6. A vibration-damping section according to claim 20 
1, wherein said vibration-damping resins (10) 

are provided on said ribs (4) and on at least 
one planar plate (3) on a sound source side or 
static sound side, of the inner surfaces of said 
hollow portions (7)(8)(9). 25 

7. A vibration-damping section according to claim 
1, wherein said section (1) is formed of an 
alloy mainly containing aluminum. 

30 

a. A vibration-damping section characterized in 
that 

a section is formed of a pair of planar 
plates (21 )(22) and a rib (24); 

said rib (24) is formed by bending of a 35 
sandwich structure in which a viscoelastic ma- 
terial (26) is held between elastic plates (25) 
and (27); and 

said rib (24) is connected to said planar 
plates at bent portions (25a)(27a) of said rib 40 
(24). 

9. A vibration-damping section characterized in 
that 

a section (50) is formed of one planar plate 45 
(51) and ribs (52); 

said ribs (52) project from the surface of 
said planar plate (51); 

recessed portions (55) are formed by said 
ribs (52) and said planar plate (51); and 50 

vibration-damping resins (53) are provided 
on part or all of the inner surfaces of said 
recessed portions (55). 

10. A vibration-damping section according to claim 55 
9. wherein a layer of a plastic film (54) or an 
aluminum foil is provided on all or part of the 
surfaces of said vibration-damping resins (53). 



11. A vibration-damping section according to claim 
9 and 10, wherein adhesive layers are pro- 
vided between said vibration-damping resins 
(53) and the inner surfaces of said recessed 
portions (55). 

12. A vibration-damping section according to claim 
9, wherein said vibration-damping resins (53) 
are provided on said planar plate (51) on the 
sound source side, of the inner surfaces of 
said recessed portions (55). 

13. A vibration-damping section according to claim 
9, wherein said section (50) is formed of an 
alloy mainly containing aluminum. 

14. A structure for a transport vehicle character- 
ized in that said structure is constituted of said 
vibration-damping section according to claim 1 
and/or said vibration-damping section (50) ac- 
cording to claim 9. 

15. A method of manufacturing a vibration-damp- 
ing section wherein a section (1) is constituted 
of a pair of planar plates (2X3) and ribs (4); 
hollow portions (7) are formed within said sec- 
tion by said ribs (4) and said planar plates (2)- 
(3); and vibration-damping resins are provided 
on part or all of the inner surfaces of said 
hollow portions (7), characterized by 

forming said vibration-damping resins (10) 
into a continuous body (12) through a connect- 
ing member (11); 

inserting said continuous body (12) in said 
hollow portion (7); 

pulling said continuous body (12) at both 
the ends of said hollow portion (7) for locating 
said vibration-damping resins (10) along the 
inner surface of said hollow portion (7); and 

adhesively bonding said vibration-damping 
resins (10) on the inner surface of said hollow 
portion by heating. 

16. A method of manufacturing a vibration-damp- 
ing section according to claim 15, wherein said 
connecting member is a plastic film (1); said 
vibration-damping resins (10) on which said 
plastic film (11) is stuck are positioned to be 
contacted with the inner surface of said hollow 
portion (7); said vibration-damping resins (11) 
are melted to be bonded on the inner surface 
of said hollow portion (7); and said vibration- 
damping resins (10) are covered with said 
plastic film (11). 

17. A method of manufacturing a vibration-damp- 
ing section according to claim 15, wherein said 
connecting body is a plastic film (13); said 
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plastic film (13) is positioned to be contacted 
with the inner surface of said hollow portion 
(8); and said plastic film (13) is melted so that 
said vibration-damping resins (10) are adhe- 
sively bonded on the inner surface of said 5 
hollow portion (8). 

1a A method of manufacturing a vibration-damp- 
ing section according to claim 15, wherein said 
section (1) formed of a pair of said planar w 
plates (2X3) and said ribs (4) is formed by 
extrusion of an age-hardening type aluminum 
alloy; and said heating serves as the heat 
treatment for age-hardening. 

75 

19. A method of manufacturing a vibration-damp- 
ing section wherein a section (1) is formed of a 
pair of planar plates (2)(3) and ribs (4); hollow 
portions (8) are formed within said section by 

said ribs (4) and said planar plates (2){3); and 20 
vibration-damping resins are provided on part 
or all of the inner surfaces of said hollow 
portions (8), characterized by 

applying an embossing (15) of an irregular 
pattern on the surface of said vibration-damp- 25 
ing resin sheet (14); 

inserting said vibration-damping resin 
sheet (14) in said hollow portion (8) such that 
said embossing is directed to the adhesive- 
bonding side; and 30 

adhesively bonding said vibration-damping 
resin (14) on the inner surface of said hollow 
portion (8). 

20. A method of manufacturing a vibration-damp- 35 
ing section according to claim 19, wherein said 
embossing (15) of said vibration-damping resin 
sheet (14) is a pattern in which grooves are 
crossed to each other, and through-holes (16) 

are formed at the crossing points of said 40 
grooves in the thickness direction. 

21. A method of manufacturing a vibration-damp- 
ing section according to claim 19, wherein said 
section (1) formed of a pair of said planar 45 
plates (2)(3) and said ribs (4) is formed by 
extrusion of an age-hardening type aluminum 
alloy, and said heating serves as the heat 
treatment for age-hardening. 

50 

22. A method of manufacturing a vibration-damp- 
ing section wherein a section (50) is formed of 
one planar 



12 



EP 0 610 859 A1 




13 



EP 0 610 859 A1 




14 



EP 0 610 859 A1 



FIG. 3 



1 




15 



EP 0 610 859 A1 




M 
Em 



16 



EP 0 610 859 A1 



FIG. 5a 



1 




12 



FIG. 5b 
1 

I UPPER 




LOWER 



17 



EP 0 610 859 A1 



CM 



CD 



oo| 



w 

s 



18 



FIG. 7 




19 



EP 0 610 859 A1 



FIG. 8 



20 27a 22a 23 22 




FIG. 9 




FIG. 10 




20 



EP 0 610 859 A1 



FIG. 11 




21a 21f 21 



FIG. 12 




33>31 
34a 3'Af 32 J 



FIG. 13 



|50 



54 53 52 55 



51 



21 



EP 0 610 859 A1 



FIG. 14 




22 



EP 0 610 859 A1 




SOUND PRESSURE LEVEL 



23 



EP 0 610 859 A1 




24 



EP 0 610 859 A1 




EP 0 610 859 A1 



PIG. 18 




26 



Office 



EUROPEAN SEARCH REPORT 



EP 94 10 1826 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catccny 



of relevant f 



CLASSIFICATION OF THE 
APPLICATION OntCLS) 



X 
A 
X 
A 

X 

X 
A 



DE-C-29 10 755 (DUEWAG AG.) 

* the whole document * 

US-A-2 819 032 (A.J. DETRIE) 

* the whole document * 



US-A-3 058 704 (M.A. BERGSTEDT) 
* the whole document * 



FR-A-910 998 ( VICKERS-ARHSTRONGS) 

* the whole document * 

EP-A-0 435 650 (H.J. TORRES) 

* the whole document * 

US-A-2 054 531 (S.J. ZAND) 

* the whole document * 



The presort ccard) report has beta drawn up for all claims 



1.4-6.8 

1-4.7 

15,19 

1-4 

15 

1 

1,9.14 
1 



B61D17/18 
B60R13/08 



TECHNICAL FIELDS 
SEARCHED OntCLS) 



B60R 
B61D 
B64C 
B32B 



THE HAGUE 



■ «ftkt»t*n* 

16 Nay 1994 



Kusardy, R 



CATEGORY OF CITED DOCUMENTS 



X : paitknlarty rttevint H token 



A: 

O 

P 



Of t»«SUM 

etote 



the filing **t* 
Mtdtea lathe 



T : theory or principle micrtyfaig the inwatkm 
E : earlier patent tocoiaent, bat p 



D: 



r of the same patent faniiy, 



